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Tel Aviv University, 69978 Tel Aviv, Israel 
Al~traet--Reproducibility and predictability, forming the dual foundation of science, are shown to be 
kinds of symmetry. 
1. INTRODUCTION 
Science rests firmly on the dual foundation of reproducibility and predictability. Reproducibility 
means that experiments can be repeated by the same and by other investigators, thus giving data 
of objective, lasting value. Reproducibility makes science a common human endeavor (rather than, 
say, a collection of private, incommensurate efforts). Predictability means that order can be found 
among the phenomena investigated, from which laws can be formulated, predicting the results of 
new experiments. Then theories can be developed to explain the laws. Predictability makes science 
our means both to understand and to exploit nature. There seems to be no a priori necessity that 
nature be reproducible or predictable at all, but the fact that we are doing science proves that nature 
indeed possesses reproducible and predictable aspects. (As for nature's irreproducible or unpredict- 
able aspects, whatever they might be, they lie outside the domain of concern of science.) 
We are accustomed to the idea of symmetry in science. Two simple and concrete xamples are 
the spatial symmetry of crystal attices and the temporal symmetry of periodic processes uch as 
oscillators. What might seem surprising is that science itself is based on symmetry. Indeed, it is 
the aim of this article to point out that both reproducibility and predictability are kinds of symmetry, 
and thus, as the title indicates, that symmetry lies at the foundations of science. 
In the following section we briefly review the meaning of symmetry in rather general terms. Then 
in Section 3 we consider the meaning of reproducibility in more detail and see that it is indeed a 
kind of symmetry. Section 4 is devoted to a detailed consideration of the meaning of predictability, 
from which follows that it too is a kind of symmetry. Mathematical, physical and philosophical 
technicalities are avoided as far as possible. 
2. SYMMETRY 
In everyday speech symmetry usually means a balance, a repetition of parts, a regularity of form. 
More precisely and generally symmetry can be said to be invariance under transformation, i.e. the 
situation is symmetric if there are one or more changes that can be made that nevertheless leave 
some aspect of the situation unchanged. Take, for example, a uniform metal equilateral triangle 
and imagine rotating it by 120 ° or 240 ° about its center within its plane. Although a transformation, 
a change, has been made, the result looks the same and has the same physical properties as the 
original. Thus, we can say that our piece of metal possesses symmetry under these rotations with 
respect o external appearance and physical properties. If the triangle were not uniform or had a 
corner chopped off, it would not possess this symmetry. 
Systems that might possess ymmetry are not confined to the domain of concrete objects, but 
may be abstract o the extreme. The transformations involved do not have to be geometric; the 
imagination is free to roam: space, time, particle-antiparticle, p rmutation, and on to the abstract. 
Neither must the invariant aspect be appearance nor physical property, but may be any concrete 
or abstract aspect of the system under consideration. However, the very least we need for symmetry 
is the possibility of making a change and some aspect that is immune to this change. 
13 
14 J. ROSEN 
3. REPRODUCIBILITY AS SYMMETRY 
Let us express things in terms of experiments and their results. Reproducibility is then commonly 
defined by the statement that the same experiment always gives the same result. But what is the 
"same" experiment? Actually each experiment, and we are including here even each run of the same 
experimental pparatus, is a unique phenomenon. No two experiments are identical. They must 
differ at least in time (the experiment being repeated in the same lab) or in location (the experiment 
being duplicated in another lab) and might, and in fact always do, differ in other aspects as well. 
So when we specify "same" experiment and "same" result, we actually mean "equivalent" in some 
sense rather than "identical." We cannot even begin to think about reproducibility without 
permitting ourselves to overlook certain differences, these differences involving time or location as 
well as various other aspects of experiments. 
Consider the difference between two experiments a  being expressed by a transformation, the 
transformation being the change that must be imposed on one experiment in order to make it into 
the other. Such a transformation might involve temporal displacement, if the experiments are 
performed at different imes. It might (also) involve spatial displacement, if they are (also) 
performed at different locations. If the experimental setups have different directions in space, the 
transformation will involve rotation. If they are in different states of motion, a velocity 
transformation will be involved. We might bend the apparatus. Or we might measure velocity 
rather than pressure. Etcetera, etcetera. 
However, not all possible transformations are what we associate with reproducibility. Let us list 
those we do. We certainly want temporal displacement, to allow the experiment to be repeated in 
the same lab, and spatial displacement and rotation, to allow other labs to perform the experiment. 
The motion of the Earth, its diurnal rotation and annual revolution, require spatial displacement 
and rotation even for experiments performed in the same lab as well as velocity transformations 
for those performed at different imes or locations. Then, to allow the use of different sets of 
apparatus, we need replacement by other materials, other atoms, other elementary particles, etc. 
Due to unavoidably limited experimental precision we must also include small changes in the 
conditions. And we also need changes in certain aspects of experimental setups, which we will not 
examine here, over which we have no control practically or in principle. These are the 
transformations a sociated with reproducibility hat I can think of. 
Now that we have collected all transformations we associate with reproducibility (add any I 
might have left out), we define reproducibility as follows: consider an experiment and its result, 
consider the experiment obtained by transforming the original one by any transformation 
belonging to this set and consider the result obtained by transforming the original result by the 
same transformation. If this transformed result is what is actually obtained by performing the 
transformed experiment, and if this relation holds for all transformations belonging to the set, we 
have reproducibility. 
As an example, imagine some experiment whose result is a particle appearing at some point in 
the apparatus ome time interval after the switch is turned on. Now imagine repeating the 
experiment with the same apparatus, in the same direction, in the same state of motion, etc., but 
24 h later and at a location 1 km north of the original ocation. If that particle now appears 24 h 
later than and 1 km north of its previous appearance, we have evidence that the experiment might 
be reproducible. (As usual in this business, whereas a single negative result disproves re- 
producibility, no number of positive results can prove it. A few positive results make us suspect 
reproducibility; many will convince us; additional positive results will confirm our belief.) 
Do you notice symmetry materializing here? Reproducibility is indeed symmetry. We can see that 
in this way: consider a reproducible experiment and its result. Transform it and its result ogether 
by any transformation belonging to the set of transformations weassociate with reproducibility. 
The pair (transformed xperiment, transformed result) is of course different from the pair (original 
experiment, original result), but there is an aspect of the pairs that does not change under the 
transformation. This aspect is the relation, call it physicality, actuality, reality, or whatever, that 
the result is what is actually obtained by performing the experiment. In other words, the symmetry 
that is reproducibility is that for any reproducible experiment and its result, the experiment and 
result obtained from them by any transformation belonging to the above set are also an experiment 
and its actual result. 
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4. PREDICTABIL ITY AS SYMMETRY 
Here, too, we express things in terms of experiments and their results. Predictability, then, is that 
it is possible to predict he results of new experiments. Of course that does not come about through 
pure inspiration, but is attained by performing experiments, tudying their results, finding order 
and formulating laws. 
So imagine we have an experimental setup and run a series of n experiments on it, with 
experimental inputs expl, exp2 . . . . .  exp,, respectively, and corresponding experimental results resl, 
res2 . . . . .  resn. We then study these data, apply experience, insight and intuition, perhaps plot them 
in various ways, and discover order among them. Suppose we find that all the data obey a certain 
relation, denote it R, such that all the results are related to their respective xperiments in the same 
way. Using function notation, we find that resi = R(expi), for i = 1 . . . . .  n. This relation is a 
candidate for a law, res = R(exp), predicting the result res for any experimental input exp. Imagine 
further that this is indeed the correct law. Then additional experiments will confirm it, and we will 
find that resi = R(exp~), also for i = n + 1 . . . . .  as predicted. Predictability is the existence of such 
relations for experiments and their results. 
For an example of that, consider the experimental setup of a given sphere rolling down a fixed 
inclined plane, with the experimental procedure of releasing the sphere from rest, letting it roll for 
any time t, and noting the distance d the sphere rolls in that time. (Here t and d are playing the 
roles of exp and res, respectively.) Suppose we perform ten experiments, giving the ten data pairs 
(h, dl), (t2, d2) , . . . ,  (tt0, d~0). We study these data and plot them in various ways. The plot of 
distance d~ against square of elapsed time t~ looks like all ten points tend to fall on a straight line. 
That suggests the relation that the distance traveled from rest is proportional to the square of the 
elapsed time, dr = bt~, for i = 1 . . . . .  10. This suggests the law d = bt 2 predicting the distance d for 
any time t. As it happens, this law is correct, and all additional experiments confirm it. Thus, the 
relation of distance to elapsed time is a predictable aspect of the setup. 
That predictability is a symmetry can be seen as follows: for a given experimental setup consider 
all the different experiment-result pairs (exp, res) that have been, will be or could be obtained by 
performing the experiment. Transform any one of these into any other simply by replacing it. The 
transformed pair is different from the original one, but the pairs possess an aspect hat is not 
changed by the transformation. This aspect is that exp and res obey the same relation for all pairs, 
namely the relation res = R(exp). Put in different words, this symmetry is that for any predictable 
experiment and its result, the experiment and its result obtained by changing the experimental input 
obey the same relation as the original experiment and result. 
5. CONCLUSION 
Following the definition of symmetry as invariance under transformation, we showed that both 
reproducibility and predictability are kinds of symmetry by showing for each the changes that can 
be made and the aspect hat is immune to these changes. For reproducibility any experiment-result 
pair can be transformed by any of the set of transformations a sociated with reproducibility. The 
invariant aspect is that the result is what is actually obtained by performing the experiment. For 
predictability any experiment-result pair can be transformed by replacing it with any other pair 
for the same experimental setup. What is invariant is the relation between experimental input and 
result. 
Since reproducibility and predictability are the two most fundamental foundation stones of 
science, we see that symmetry not only serves within science but actually lies at its very foundation. 
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